Abstract This retrospective study presents the experience gained through use of reamed femoral nails and reports results and respective complications. This study included 415 femur fractures (312 men and 101 women with a mean age of 27.8 years) that were treated from 1993 to 2004. The fractures were classified according to AO, and 74 open fractures were included and typed according to the Gustilo classification. Dynamic nailing was performed for nearly all type A fractures and static nailing for types B and C. After a mean follow-up of 1.5 years, union rate was 97.8%. The complications were: 9 non-unions, 14 delayed-unions, 4 torsional malunions, 6 limb length discrepancies (shortening) and 30 nerve pareses due to traction. Deep venous thrombosis (DVT) occurred below the knee in 4 patients, while there were recorded 3 pulmonary and 2 fat embolisms, 1 superficial and 1 deep infection. There were 28 broken screws identified postoperatively. Logistic regression analysis revealed that type B and C were associated with increased risk of complications, with respective odds ratios of 3.1 (95% CI = 1.3-7.2, P = 0.011) and 4.3 (95% CI = 1.8-10.3, P = 0.001) when compared to type A patterns. All patients returned to their activities in a mean time of 10 months. Intramedullary nailing is still the treatment of choice for femoral shaft fractures, but knowledge of potential complications and their association with certain fracture patterns is needed.
Introduction
The treatment of femoral shaft fractures was revolutionised by Küntscher [1] , who was the first to introduce the intramedullary nailing concept. The initial indications were limited to transverse diaphyseal femoral fractures but such advantages as early mobilisation, shorter hospitalisation and shorter morbidity popularised wider use of femoral nails [2, 3] . Some complications such as infections, non-unions, pseudoarthrosis and limb shortening were observed. Improvements in nail design and manufacture as well as surgical technique, with the use of a fracture table and X-ray image intensifier, further broadened the use of femoral nails but it was the introduction of an interlocking capability in the mid-1970s that expanded the scope of indications to included comminuted fractures and fractures of the proximal and distal thirds [4, 5] . These changes increased union rate and, as a result, intramedullary nails have become the preferred treatment for almost all diaphyseal femoral fractures [6] [7] [8] .
Surgeons have been faced with several issues, in particular which fracture types should be treated ideally with intramedullary nails, if all fractures should have reamed nails and if symptoms of pulmonary distress are a contraindication to nail fixation [9] [10] [11] [12] [13] . The purpose of this retrospective study is to present our experience and report the results and complications in the treatment of 415 femoral shaft fractures using reamed interlocked intramedullary nails.
Patients and methods
In the interval from June 1993 to December 2004, 413 patients (415 fractures) were admitted with acute diaphyseal femoral fractures (2.5 cm from the lesser trochanter and approximately 10 cm from the knee joint). Fractures caused by high-energy trauma, falls, and direct impact were included. Pathologic fractures and those in which intramedullary nailing was used as a revision technique to previous internal fixation or for arthrodesis were excluded. Also excluded (with the exception of two cases) were patients with a floating knee injury; in these situations the use of retrograde nailing of the femur and antegrade to the tibia were preferred.
The group of patients comprised 312 men and 101 women with a mean age of 27.8 years (17-84 years). Patients under the age of 15 were treated in specialised paediatric hospitals. The age distribution is presented in Fig. 1 .
Of the fractures, 361 (87%) were caused by high-energy injuries in traffic accidents. The remaining 54 (13%) were caused by falls from heights (9%), direct impact (2%) and other incidents, including gunshots (2%).
In accordance with the AO classification the fracture types were: Type A: 105 (25.4%), Type B: 179 (43.1%) and Type C: 131 (31.5%) [14] . There were 341 closed fractures and 74 open fractures. Open fractures were further categorised in accordance with the Gustilo  classification: 33 fractures were Grade I, 24 Grade II, 14 Grade III A, 2 Grade III B and 1 was Grade III C [15] . Table 1 shows the anatomical sites of the fractures. There were two bilateral fractures, 196 fractures affecting the right side and 215 affecting the left.
There were associated injuries in 116 patients: 28 patients had head injuries, 20 with abdominal injuries, 13 with chest injuries (5 with rib fractures, 1 with a sternum fracture and 2 with clavicle fractures) and 55 had other fractures (Table 2) . In all cases, the patient's head, abdominal or chest injury was treated prior to the involvement of the orthopaedic team.
The orthopaedic department offers femoral stabilisation in under 12 h from the injury, and in under 6 h for open fractures. Those with Grade III-B and III-C fractures were first stabilised with external fixation and intramedullary nailing was performed after 5-7 days. All open fractures were carefully debrided and the wound left open. Only a few retaining stitches, applied without tension, were used to hold the wound together.
The majority of Type A fractures (73) was treated with dynamic intramedullary nailing and Types B and C with static nails. In all the reamed technique was used and in 308 of these, the AIM titanium nail (De Puy Orthopaedics) with a mean diameter of 12 mm inserted. In 107 cases, the Gross-Kempf nail (Stryker) with a mean diameter of 13 mm was used. In cases of bipolar fractures, a Steinmann pin (closed fractures) was positioned unicortically in order to avoid uncontrolled rotation of the middle segment. Bone reduction forceps were used in cases of open fractures. The reaming technique was preferred as it enabled insertion of larger nails, thus providing higher fracture stability. The reaming strategy was to measure the canal and ream sequentially until a diameter 1.5 mm wider than the nail selected was reached. A fracture table was used but the limbs held in traction boots instead of skeletal traction. The distal locking bolts were inserted using a free hand technique; a Kirschner wire was positioned at the locking hole of the nail with X-ray assistance and drilled over with a cannulated drill before insertion of the distal locking screw. A 3-cm distance between the fracture line and the locking screw was considered a safe distance. Lateral X-rays were also used in an attempt to avoid procurvatum or recurvatum deformities in fracture alignment.
Prior to the introduction of the proximal locking screw and after release of traction, two steps were performed that were considered to be critical to the outcome: (a) the two legs were aligned parallel in order to check length and avoid any discrepancy (we ensured that the traction boots and patellae were at the same level) and, (b) the patella was marked with a sterile pen and its position was used to check for any possible malrotation of the distal part of the fracture. In cases of malrotation, the nail and the distal part of the fracture were rotated and placed in the correct position. After checking with an X-ray of the fracture site, the proximal locking screw was inserted.
Data obtained from case notes indicated a mean operating time (surgery only) was 50 minutes , and mean radiation exposure was 18 seconds (5-42). Mean blood loss for all fractures was 500 cc (200-1,600) and post-operative blood transfusion necessary in all patients with haematocrit of \29%.
Prophylactic antibiotics (a second generation cephalosporin) were used for 48 h post-operatively and lowmolecular weight heparin for 30 days. Prior to discharge, patients received instruction in self-administration of lowmolecular weight heparin; in selected cases, visiting nurses administered these injections. The open fractures had extended intravenous antibiotic treatment for a mean period of 7 days, followed by oral administration for a period of at least 7 days depending on the tissue damage.
From the second post-operative day, all patients were encouraged to walk partial weight bearing with the exception of patients with type C fractures, who started weight bearing after the fourth week, and those with other ipsilateral lower limb fractures. Follow-up was in the first month and repeated in the third, sixth and twelfth months. At the last follow-up, range of motion was measured and compared with the uninjured leg.
Statistical analysis of the data was performed using the Statistical Package for the Social Sciences (SPSS), version 11.0 (SPSS, Inc., Chicago, IL, USA). The chi-square test was used to evaluate any potential association of complication rates with the type of fractures. Odd ratios (OR) and 95% confidence intervals (CI) were estimated, by means of simple logistic regression analysis, as the measure of association between complications and the type of fractures. All tests were two-tailed, and statistical significance was considered for P values \0.05.
Results
Mean hospitalisation was 8 days (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . After a mean follow-up of 1.5 years (1-3), 404 fractures were united (97.8%; Figs. 2, 3). Healing was defined as the circumferential presence of bridging callus, confirmed by means of anteriorposterior and lateral radiographs and the absence of pain on palpation or during weight bearing. Type A fractures united in an average time of 16 weeks (13-18), Type B in 20 weeks (16) (17) (18) (19) (20) (21) (22) and Type C in 23 weeks (19) (20) (21) (22) (23) (24) (25) (26) (27) .
Two patients (aged 77 and 81) failed to attend appointments after 1 year. The complications with respective statistical analyses are presented in Table 3 . In detail, they were as follows:
Intraoperative:
1. One nail bent during insertion.
2. There was breakage of the Kirschner wire in ten cases and, in three other cases, the cannulated drill broke. Post-operative:
1. A non-union, defined by the absence of union after 6 months, occurred in 9 cases (2.2%), and were categorised as follows: Type A-1, Type B-3 and Type C-5. All healed following exchange nailing. In two cases of atrophic non-union, bone graft from the iliac crest was used (aseptic pseudoarthrosis, depicted in Fig. 4 ). 2. A delayed union, defined as the absence of progress to union after 3 months, occurred in 14 cases (3.4%), and were categorised as follows: Type B-10, Type C-4 ( Fig. 5) . In ten cases, dynamisation of the fracture was performed following removal of the distal bolts under local anaesthesia. The remaining four fractures joined without further treatment. 3. Torsional malunion of greater than 5°occurred in 4 cases (0.96%) and were divided as follows: Type B-3, Type C-1. All were treated by osteotomy and exchange nailing. One required internal rotation, and three required external rotation corrections.
4. Limb shortening of greater than 15 mm occurred in 6 cases (1.44%) and were from Type B (1) and Type C (5) fractures. In four cases, the proximal screw could not be centralised due to a failure of the device (Fig. 6 ). The screw was revised and positioned correctly, using a closed technique on the second post-operative day. In one case, the severity of the fracture and the weight of the patient were not fully appreciated; the distal locking screw broke in the course of the second month. It was decided to revise both the nail and the locking screws for this case. The last case was a comminuted fracture where, despite limb shortening diagnosed early, it was decided an osteotomy be performed and lengthening external fixation device used after extracting the nail. The patient contracted pin site infections during the last month of lengthening, but the fracture/osteotomy healed without further complications.
One deep infection occurred in a type III C open
fracture and one superficial wound infection in a diabetic patient (type III A). Both were treated with antibiotics and daily local irrigation. The deep infection was diagnosed early following a culture of the drain tip used after surgery and, as a result, the implant was not removed after debridement and replacement of the proximal locking screw. 6. There were five (1.2%) pulmonary embolic events: three thrombus related (0.7%, 2 in type B and 1 in type C) and two fat (0.5%, 1 in each of type B and C fracture groups). Only one of these patients had a chest injury (0.08%). None of the embolisms were lethal nor left any residual symptoms. In four patients, deep vein thrombosis (DVT) below the knee was recorded. This was treated conservatively with an appropriate adjustment of the low-molecular weight heparin dosage. 7. A nerve palsy occurred in 30 patients (7.2%, Table 3 ).
Twenty-five pareses of the pudendal nerve (6%), and five (1.2%) of the peroneal nerve were observed, with all attributable to traction. All recovered within 3 months. More than 50% of the pareses occurred during the learning curve (first 3 years of this study). 8. There were implant failures. Twenty-eight broken screws were found but no broken nails (Fig. 7) . The majority of these were observed during the first part of the study where cannulated screws were used. 9. In 29 patients (6.9%), pain over the distal screws occurred, from local irritation of the iliotibial tract, 2-3 months after the intervention. In these cases the screws were removed. In 27 patients (6.5%) the nail was removed at the end of the treatment due to hip, thigh or knee pain. Three patients reported hip pain because of nail protrusion from the piriformis fossa greater than 1 cm. Fig. 3 The fracture treated with static intramedullary nailing technique
The complications in the three groups of patients are shown in Table 3 . The incidence of intraoperative and minor post-operative complications was higher in type B and C fractures compared to type A, but was not statistically significant. The overall severe post-operative complication rates were statistically significantly higher in type B and C fractures compared to type A (17.9 and 23.7 vs. 6.7%, P = 0.002); in this regards, logistic regression analysis revealed that type B and C were associated with increased risk of complications, with respective odds ratios of 3.1 (95% CI = 1.3-7.2, P = 0.011) and 4.3 (95% CI = 1.8-10.3, P = 0.001) compared to type A.
At the end of the follow-up period, none of the patients needed crutches. The mean range of knee motion was 122°fl exion and 3°extension. Post-operative measurements are grouped according to AO fracture type as in Table 4 . According to data collected, Type C fractures have a include temporary initial external fixation followed by secondary definitive intramedullary nailing [16] . Of the 415 nails inserted, only 52 were removed (27 due to pain) after union regardless of all the patients having been advised to have the nails removed at the conclusion of therapy. Another 124 refused or postponed hardware removal. In this retrospective study, the patients returned to their previous activities in a mean of 10 months [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
Discussion
The experience gained with interlocking nails has led to the decision to treat nearly all femoral shaft fractures with this technique which provides good bone stability with limited soft tissue exposure and dissection. Use of intramedullary nails for acute treatment of Gustilo IIIB and IIIC fractures was avoided. The advantages of this technique are considerable: reduced risk of infection, blood loss, and morbidity. In comparison with methods of internal fixation, patient mobilisation is earlier and hospitalisation time shorter, thus reducing treatment costs [11, [17] [18] [19] [20] [21] . Trochanteric-entry point nails and retrograde nailing are also valid options in the treatment of femoral shaft fractures but whether this technique produces results comparable to those of antegrade femoral nails remains to be established [4, [22] [23] [24] [25] .
The use of reamed (RN) or unreamed (URN) intramedullary nailing remains controversial, especially in relation to open fractures. Reamed intramedullary nailing provides better stability because of increased contact between the nail and medullary canal. Larger nails can be used in order to lessen failure due to fatigue. Reaming is also believed to increase operative time, blood loss, fracture comminution and create a ramping effect. On the other hand, unreamed nails are usually simpler to use and can be inserted more quickly, but their smaller diameter provides less rigid fixation. The literature seems to indicate that the advantages (high union rate, less revisions, fewer nonunions) of the reamed nails are more important than the disadvantages (prolonged surgical time, blood loss) [9, 12, 13, 26] . The authors believe that despite the unquestionable Those data were not provided in all fractures and there was not performed an inter-observer liability test advantages of the reaming technique, unreamed nails could be used in selected cases that take into consideration the patient's health status and the surgeon's capabilities. Several investigators have attempted to demonstrate a relationship between reamed intramedullary nailing, fat embolism and Adult Respiratory Distress Syndrome (ARDS). Blitzer and Hamilton [27] have shown there is significant embolisation of the bone marrow contents to the heart and lung with reaming and pressurisation of the femoral intramedullary canal. These findings were compounded in another study which demonstrated that these conditions could in turn increase the incidence of ARDS in multitrauma patients, especially those with pulmonary injuries [28] . However, by the late 1990s, opinions had changed. There were reports of no difference in the incidence of ARDS in patients treated with intramedullary nailing or plate fixation, regardless of treatment occurring within the first 24 h [29] [30] [31] . These authors found that nailing was not related to increased mortality or morbidity in patients with femoral fractures and concomitant thoracic injuries. In a review, Giannoudis et al. [32] reported that the systemic response following intramedullary nailing included the effect of embolised fat on lung tissue and an inflammatory reaction depending on polymorphism of neutrophil receptors. They believed that the effect of embolism is related to an individual patient's response, which in turn depends on several cofactors (lung contusion, traumatic shock, preexisting lung disease, sepsis, tissue damage, increased coagulation and altered cell cytoskeleton).
From the outset, we supported the idea of early intramedullary nailing for femoral shaft fractures. In our series, 97% of the patients were treated with reamed femoral nails in the first 24 h [33] . The use of titanium nails was preferred, from the modulus of elasticity being closer to bone and, fatigue, yield and tensile strength higher than other implants. Table 5 presents the complications in this study and compares them with other published reports. The nonunion rate noticed in the present study (2.2%) is in close agreement with the majority of the data presented in previous papers [5, 10, 17, 34, 35] . Winquist and Hansen [19] , Lambiris et al. [36] and Wolinsky et al. [37] presented non-union rates lower than ours (0.9, 0.31 and 1.1% respectively), but other studies [6, 34, 37, 38] have been published with higher rates. In particular, Noumi et al. [11] reported a 14.1% of non-union rate in a case series of 89 open fractures.
In our series, torsional malunion in excess of 5°was observed in four cases and limb shortening in excess of 15 mm was observed in six cases; in total, 10 cases (2.4%). Such a percentage is lower than in other published series in which the incidence varied from 4 to 21.1% [6, 19, 34, 37] . These results could be explained by use of first generation nails in the earlier series. With newer designs, Kempf et al. [6] decreased their malunion rate to 11.2%. Our results are in agreement with Gonschorek's [17] but there are studies with even lower malunion rates [10, 38, 39] . A possible explanation to the wide variation is measurement error. Brumback et al. [40] showed a 10% marginal error in the surgeon's ability to determine axial and rotational stability from preoperative X-rays and intraoperative fluoroscopy.
The incidence of infection for closed fractures is generally less than 1% and in open fractures 2-5% [39] . The incidence in this series was 0.5%, similar to some, and lower in comparison with other reports [4, 19, 34, 36, 37] [5, 10, 22, 38] .
Another complication was neurological palsy due to excessive traction. Of the 413 patients treated, 30 patients had evidence of nerve palsy (7.2%); 25 had paresis of the pudendal nerve and 5 of the peroneal nerve. All recovered within 3 months. There are few reports of neuro-complications in other series of treated femoral shaft fractures. Soem have reported a higher incidence (9.4 and 15%), but others where the percentage varied from 1 to 3% [38, [40] [41] [42] [43] . Owing to this high incidence, we routinely inform patients of this possibility prior to surgery and apply the minimum of traction necessary for the reduction of the fracture.
Four cases of DVT are reported in this series (0.96%), which is small compared to the 2.2% of Umer et al. [43] Five pulmonary embolisms were encountered, three (0.7%) thrombus-related and two (0.5%) fat; only one of these patients had a chest injury (0.08%). Some authors report a lung complication rate of 14.6% in femoral fractures but suggest further study is needed [44] . Additionally, a number of co-factors may be responsible for the effect that fat has on the lungs [32] .
Nail failure has been reported by Gonschorek et al. and Wolinsky et al. [17, 37] , but the majority of studies report failures of the locking bolts. Twenty-eight distal locking bolt breakages were experienced, the majority of them during the first part of the study [45] . This led to discontinuation of the use of cannulated locking bolts and a policy to insert both bolts in all static nailing procedures. In addition, in severely comminuted fractures and overweight patients, the weight bearing protocol was altered.
Thigh pain, trochanteric pain, limb shrinkage and difficulties with stair climbing are often reported especially during the first 6 months post-operatively. In recent studies, authors have reported persistent hip or knee pain following intramedullary nailing [34, 36, 38, 43] . In some cases, the pain was so intense that the implant had to be removed at the end of the treatment. In the present study, 27 nails (6.5%) were removed due to pain after fracture consolidation. Twenty-nine patients (6.9%) reported local pain with the distal screws. In these selected cases, the screws were removed after the third month and the problem resolved.
Limitations of the study
The study is retrospective; incomplete data sets were difficult to reconcile. Data for measurement of angular alignment was available only in complicated cases. In addition data for torsional malunion, limb shortening and range of motion were not controlled with indicators of the inter-observer variation.
Conclusion
In this study, the efficacy of the antegrade intramedullary nailing as a preferred treatment for closed and open femoral shaft fractures is presented. The treatment of severe comminuted and open fractures (Gustilo III A, B, C) requires extra attention. Logistic regression analysis revealed that AO type B and C fractures were associated with increased risk of complications, with respective odds ratios of 3.1 (95% CI = 1.3-7.2, P = 0.011) and 4.3 (95% CI = 1.8-10.3, P = 0.001) when compared to type A. Early fracture reduction and intramedullary nailing, early mobilisation and weight bearing are the critical points and are related to the good outcome in this series. The newer generation nails continue to maintain the high union rates reported initially with the technique. The complications observed are attributable not only to the individuality of the fracture and patient, but also to the individual surgeons' capabilities. 
